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ABSTRAK 
 
 
 
 
Kajian ini  tertumpu kepada pencetakan garisan halus dengan menggunakan mesin 
pencetak Micro-flexographic iaitu gabungan teknik pencetak flexography dan micro-
contact. Flexography adalah salah satu daripada  teknik cetakan menggunakan roler 
yang terkenal dan pantas dalam menghasilkan cetakan grafik dan peralatan 
elektronik ke atas pelbagai substrat. Pencetak micro-contact merupakan teknik 
berkos rendah yang biasa digunakan dalam penghasilan imej bersaiz micro hingga 
nano terutamanya dalam struktur imej garisan halus. Graphene adalah bahan bersaiz 
nano yang boleh digunakan sebagai dakwat pencetak yang biasa digunakan dalam 
pembuatan barangan elektronik bersaiz micro hingga nano. Lanthanum pula adalah 
bahan nadir bumi yang mempunyai potensi besar dalam bidang pencetakan. 
Gabungan kedua-dua teknik cetakan yang dikenali sebagai Micro-flexographic 
tersebut telah berjaya menghasilkan garisan halus yang terendah dari segi tebal dan 
jarak di antara garisan. Teknik cetakan baru ini telah mencetak imej garisan halus di 
bawah 10 µm di atas substrat biaxially oriented polypropylene (BOPP) dengan 
menggunakan dakwat graphene. Teknik cetakan Micro-flexographic telah berjaya 
mencetak garisan halus dengan ketebalan 2.6 µm. Kajian ini juga menerangkan 
pencapaian proses imprint lithography dalam menghasilkan garisan halus bersaiz 
micro hingga nano di bawah 10 µm. Untuk tambahan, bahan lanthanum juga telah 
berjaya dicetak ke atas pelbagai substrat dengan ciri-ciri kelekatan permukaan yang 
baik. Kajian ini menggambarkan kebolehan mencetak garisan halus yang sesuai 
untuk kegunaan pencetakan elektronik, grafik dan bio-perubatan.  
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ABSTRACT 
 
 
 
 
This research focuses on the study of ultra-fine solid lines printing by using Micro-
flexographic machine which is combination of flexography and micro-contact 
printing technique. Flexography is one of the famous and high speed roll to roll 
printing techniques that are possible to create graphic and electronic device on 
variable substrates. Micro-contact printing is a low cost technique that usually uses 
for micro to nano scale image especially in fine solid lines image structure. Graphene 
is nano material that can be used as printing ink which usually uses in producing 
micro to nano scale electronic devices. Lanthanum is a rare earth metal that has 
potential in printing industry. The combination of both printing techniques is known 
as Micro-flexographic printing has been successfully produced the lowest fine solid 
lines width and gap. The new printing technique could print fine solid lines image 
below 10 μm on biaxially oriented polypropylene (BOPP) substrate by using 
graphene as printing ink. The Micro-flexographic printing technique has been 
successfully printed fine solid lines with 2.6 μm width. This study also elaborates the 
imprint lithography process in achieving micro down to nano fine solid lines 
structure below 10 µm. In an additional, the lanthanum target has been successful 
printed on variable substrates with good surface adhesion property. This research 
illustrates the ultra-fine solid lines printing capability for the application of printing 
electronic, graphic and bio-medical.  
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PDMS  - Polydimethylsiloxane 
OFET  - Organic Field Effect Transistor 
OLED  - Organic Light Emitting Diode 
IC  - Integrated Circuit 
RFID  - Radio Frequency Identification 
SAM  - Self-Assembled Monolayer 
SFIL  - Step and Flash Imprint Lithography 
Py-GC/MS - Pyrolysis Gas Chromatography and Mass Spectrometry 
µm  - Micrometer 
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h  - Total Displacement 
t  - Time 
he  - Indentation Depth At The Spring 
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3D  - Three Dimension 
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SiO2  - Silicon Dioxide 
Nm
−1
  - Newton per Meter 
CNT  - Carbon Nanotube 
La  - Lanthanum 
LNO  - Lanthanum Nickelate 
IT-SOFC - Intermediate Temperature Solid Oxide Fuel Cell 
AC  - Alternating Current 
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Θ  - Contact Angle 
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µCP  - Micro-contact Printing 
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FDM - Fused Deposition Modeling Printing
FAT - Fixed Analyser Transmission
RF - Radio Frequency
Ar - Argon
BOM - Bill of Material
rpm - Revolutions per Minute
CD - Critical Dimension
lbs - Pound
m/hr - Metre per Hour
OH
-
- Hydroxide
SiC - Silicon Carbon
N - Newton
PT
PERPU
STAKA
AN TU
NKU T
UN AM
INAH
183 
 
 
 
 
 
REFERENCES 
 
 
 
 
Ataeefard, M. (2014). Investigating the effect of paper properties on color 
reproduction of digital printing. Progress in Organic Coatings, 77(9), 1376-
1381. 
Ataeefard, M., & Sharifi, S. (2014). Antibacterial flexographic ink containing silver 
nanoparticles. Progress in Organic Coatings, 77(1), 118-123. 
Bailey, T., Johnson, S., Sreenivasan, S., Ekerdt, J., Willson, C., & Resnick, D. 
(2002). Step and flash imprint lithography: an efficient nanoscale printing 
technology. Journal of photopolymer science and Technology, 15(3), 481-
486. 
Balusamy, B., Kandhasamy, Y. G., Senthamizhan, A., Chandrasekaran, G., 
Subramanian, M. S., & Kumaravel, T. S. (2012). Characterization and 
bacterial toxicity of lanthanum oxide bulk and nanoparticles. Journal of Rare 
Earths, 30(12), 1298-1302. 
Bonard, J.-M., Dean, K. A., Coll, B. F., & Klinke, C. (2002). Field emission of 
individual carbon nanotubes in the scanning electron microscope. Physical 
review letters, 89(19), 197602. 
Bottosso, C., Tao, W., Wang, X., Ma, L., & Galiazzo, M. (2013). Reliable 
Metallization Process for Ultra Fine Line Printing. Energy Procedia, 43(0), 
80-85. 
Bould, D., Claypole, T., & Bohan, M. (2004). An investigation into plate 
deformation in flexographic printing. Proceedings of the Institution of 
Mechanical Engineers, Part B: Journal of Engineering Manufacture, 
218(11), 1499-1511. 
PTTA
PERPU
STAKA
AN TU
NKU T
UN AM
INAH
184 
 
Bould, D., Hamblyn, S., Gethin, D., & Claypole, T. (2011). Effect of impression 
pressure and anilox specification on solid and halftone density. Proceedings 
of the Institution of Mechanical Engineers, Part B: Journal of Engineering 
Manufacture, 225(5), 699-709. 
Cao, B., Shen, X., & Qian, Q. (2008). Research of flexographic printing dot 
measurement instrument based on adaptive background method. Computer-
Aided Industrial Design and Conceptual Design, 2008. CAID/CD 2008. 9th 
International Conference on: IEEE, 623-627. 
ChangJae, K., Nogi, M., & Suganuma, K. (2011, 15-18 Aug. 2011). Effect of ink 
viscosity on electrical resistivity of narrow printed silver lines. 
Nanotechnology (IEEE-NANO), 2011 11th IEEE Conference on, 197-200. 
Chenghao, L., Shusen, W., Naibao, H., Zhihong, Z., Shuchun, Z., & Jing, R. (2015). 
Effects of Lanthanum and Cerium Mixed Rare Earth Metal on Abrasion and 
Corrosion Resistance of AM60 Magnesium Alloy. Rare Metal Materials and 
Engineering, 44(3), 521-526. 
Chou, S. Y., Krauss, P. R., & Renstrom, P. J. (1996). Nanoimprint lithography. 
Journal of Vacuum Science & Technology B, 14(6), 4129-4133. 
Chul-Goo, K., & Bong-ju, L. (2007, 17-20 Oct. 2007). Stability analysis for design 
parameters of a roll-to-roll printing machine. Control, Automation and 
Systems, 2007. ICCAS '07. International Conference on, 1460-1465. 
Colburn, M., Johnson, S. C., Stewart, M. D., Damle, S., Bailey, T. C., Choi, B., . . . 
Ekerdt, J. G. (1999). Step and flash imprint lithography: a new approach to 
high-resolution patterning. Microlithography'99: International Society for 
Optics and Photonics, 379-389. 
Cui, X., Li, S., & Zhu, X. (2014). Microstructure and electrical properties of 
La1−xSrxFeO3(x=0–0.6) film by a screen-printing method. Materials 
Letters, 130(0), 267-270. 
Deganello, D. (2013). 12 - Printing techniques for the fabrication of OLEDs. In A. 
Buckley (Ed.), Organic Light-Emitting Diodes (OLEDs) (pp. 360-385): 
Woodhead Publishing. 
Deganello, D., Cherry, J. A., Gethin, D. T., & Claypole, T. C. (2010). Patterning of 
micro-scale conductive networks using reel-to-reel flexographic printing. 
Thin Solid Films, 518(21), 6113-6116. 
PTTA
PERPU
STAKA
AN TU
NKU T
UN AM
INAH
185 
 
Deganello, D., Cherry, J. A., Gethin, D. T., & Claypole, T. C. (2012). Impact of 
metered ink volume on reel-to-reel flexographic printed conductive networks 
for enhanced thin film conductivity. Thin Solid Films, 520(6), 2233-2237. 
Dendge, R. (2014, 22-24 Dec. 2014). Minimizing the print quality limitations during 
selection of anilox roll line frequency in flexographic half tone printing. 
Wireless Computing and Networking (GCWCN), 2014 IEEE Global 
Conference on, 107-111. 
Deshpande, M. S., & Deshpande, S. S. (2013). Analysis of Exposure Parameter of 
Flexography Sheet Photopolymer Plates. International Journal of Advances 
in Engineering & Technology (IJAET), 5(2), 231-237. 
Dilfer, S., Hoffmann, R. C., & Dörsam, E. (2014). Characteristics of flexographic 
printed indium–zinc-oxide thin films as an active semiconductor layer in thin 
film field-effect transistors. Applied Surface Science, 320(0), 634-642. 
Embong, Z. (2011). XPS, AES and Laser Raman Spectroscopy: A Fingerprint for A 
Materials Surface Characterisation. Jurnal Sains Nuklear Malaysia, 23(2), 
pp. 26-45. 
Faddoul, R., Reverdy-Bruas, N., Blayo, A., Haas, T., & Zeilmann, C. (2012). 
Optimisation of silver paste for flexography printing on LTCC substrate. 
Microelectronics Reliability, 52(7), 1483-1491. 
Frey, M., Clement, F., Dilfer, S., Erath, D., & Biro, D. (2011). Front-side 
Metalization By Means Of Flexographic Printing. Energy Procedia, 8(0), 
581-586. 
Galton, D. (2003). A study of the effects of the process parameters on the 
characteristics of photochemical flexographic printing plates. Pigment & 
resin technology, 32(4), 235-247. 
Guo, L. J. (2007). Nanoimprint lithography: methods and material requirements. 
Advanced Materials, 19(4), 495-513. 
Hachicha, M., Dumke, M., & Overmeyer, L. (2012). Flexography Printing of 
Polymer Optical Waveguides. Joint International Symposium on System-
Integrated Intelligence, 138-141. 
Hallberg, E., Rättö, P., Lestelius, M., Thuvander, F., & Odeberg-Glasenapp, A. 
(2005). Flexo Print of Corrugated Board: Mechanical Aspects of the Plate 
and Plate Mounting Materials. TAGA Journal, 2, 16-28. 
PTTA
PERPU
STAKA
ANTU
NKUT
UN AM
INAH
186 
 
Halonen, E., Kaija, K., Mantysalo, M., Kemppainen, A., Osterbacka, R., & 
Bjorklund, N. (2009, 15-18 June 2009). Evaluation of printed electronics 
manufacturing line with sensor platform application. Microelectronics and 
Packaging Conference, 2009. EMPC 2009. European, 1-8. 
Hassan, S., Yusof, M., Embong, Z., & Maksud, M. (2017). Surface adhesion study of 
La2O3 thin film on Si and glass substrate for micro-flexography printing. AIP 
Conference Proceedings: AIP Publishing, 040006. 
Hassan, S., Yusof, M. S., Embong, Z., & Maksud, M. I. (2016). Angle resolved x-ray 
photoelectron spectroscopy (ARXPS) analysis of lanthanum oxide for micro-
flexography printing. AIP Conference Proceedings, 1704, 040002. 
Hassan, S., Yusof, M. S., Maksud, M., Nodin, M., Rejab, N. A., & Mamat, K. 
(2015). A study of nano structure by roll to roll imprint lithography. 
International Symposium on Technology Management and Emerging 
Technologies (ISTMET): IEEE, 132-135. 
Hassan, S., Yusof, M. S., Maksud, M., Nodin, M., & Rejab, N. A. (2015). A 
Feasibility Study of Roll to Roll Printing on Graphene. Applied Mechanics 
and Materials, 799-800, 402-406. 
Hatiboglu, C. U., & Akin, S. (2004). A new computerized moving stage for optical 
microscopes. Computers & Geosciences, 30(5), 471-481. 
Hazrat Ali, M. D., Katsuki, A., Kurokawa, S., & Sajima, T. (2013). Design of 
Mechanical Actuator in 3D CAD Software. Procedia Engineering, 64(0), 
473-478. 
Hili, K., Fan, D., Guzenko, V. A., & Ekinci, Y. (2015). Nickel electroplating for 
high-resolution nanostructures. Microelectronic Engineering, 141, 122-128. 
Hirai, Y., Harada, S., Isaka, S., Kobayashi, M., & Tanaka, Y. (2001, Oct. 31 2001-
Nov. 2 2001). Nano-imprint lithography using replicated mold by Ni electro 
plating. Microprocesses and Nanotechnology Conference, 2001 
International, 182-183. 
Hrehorova, E., Pekarovicova, A., & Fleming, P. D. (2006). Gravure printability of 
conducting polymer inks. NIP & Digital Fabrication Conference: Society for 
Imaging Science and Technology, 107-110. 
 
PTT
PERPU
STAKA
AN TU
NKU T
UN AM
INAH
187 
 
Hsieh, Y.-C., Cheng, H.-W., Cheng, Y.-H., Chen, S.-Y., & Ng Vin, S. (2008, 12-14 
Dec. 2008). Flexible Hybrid Screening Solutions for Flexography. Computer 
Science and Software Engineering, 2008 International Conference on, 393-
397. 
Huang, T.-C., Wu, J.-T., Yang, S.-Y., Huang, P.-H., & Chang, S.-H. (2009). Direct 
fabrication of microstructures on metal roller using stepped rotating 
lithography and electroless nickel plating. Microelectronic Engineering, 
86(4–6), 615-618. 
Hübler, A. C., Bellmann, M., Schmidt, G. C., Zimmermann, S., Gerlach, A., & 
Haentjes, C. (2012). Fully mass printed loudspeakers on paper. Organic 
Electronics, 13(11), 2290-2295. 
Johnson, J. (2008). Aspects of Flexographic Print Quality and Relationship to some 
Printing Parameters. Karlstad University Studies. 
Kang, H., Lee, C., & Shin, K. (2013). Modeling and compensation of the machine 
directional register in roll-to-roll printing. Control Engineering Practice, 
21(5), 645-654. 
Kaufmann, T., & Ravoo, B. J. (2010). Stamps, inks and substrates: polymers in 
microcontact printing. Polymer Chemistry, 1(4), 371-387. 
Kipphan, H. (2001). Handbook of print media: technologies and production 
methods: Springer. 
Koidis, C., Logothetidis, S., Kassavetis, S., Kapnopoulos, C., Karagiannidis, P. G., 
Georgiou, D., & Laskarakis, A. (2013). Effect of process parameters on the 
morphology and nanostructure of roll-to-roll printed P3HT:PCBM thin films 
for organic photovoltaics. Solar Energy Materials and Solar Cells, 112(0), 
36-46. 
Kwak, M. K., Shin, K. H., Yoon, E. Y., & Suh, K. Y. (2010). Fabrication of 
conductive metal lines by plate-to-roll pattern transfer utilizing edge 
dewetting and flexographic printing. Journal of Colloid and Interface 
Science, 343(1), 301-305. 
Lackowski, W. M., Ghosh, P., & Crooks, R. M. (1999). Micron-scale patterning of 
hyperbranched polymer films by micro-contact printing. Journal of the 
American Chemical Society, 121(6), 1419-1420. 
P A
PERPU
TAKAA
N TUN
KU TU
N AMI
NAH
188 
 
Lauer, L., Klein, C., & Offenhäusser, A. (2001). Spot compliant neuronal networks 
by structure optimized micro-contact printing. Biomaterials, 22(13), 1925-
1932. 
Laurent, G. (2002). Measurement and prediction procedures for printability in 
flexography (MP3 Flexo). (Doctor of Technology), Royal Institute of 
Technology. 
Le, L. T., Ervin, M. H., Qiu, H., Fuchs, B. E., & Lee, W. Y. (2011). Graphene 
supercapacitor electrodes fabricated by inkjet printing and thermal reduction 
of graphene oxide. Electrochemistry Communications, 13(4), 355-358. 
Lee, B. H., Abdullah, J., & Khan, Z. A. (2005). Optimization of rapid prototyping 
parameters for production of flexible ABS object. Journal of Materials 
Processing Technology, 169(1), 54-61. 
Lee, C., Wei, X., Kysar, J. W., & Hone, J. (2008). Measurement of the elastic 
properties and intrinsic strength of monolayer graphene. Science, 321(5887), 
385-388. 
Lee, H., Menard, E., Tassi, N., Rogers, J., & Blanchet, G. (2004). Fabrication of 
large-area stamps, moulds, and conformable photomasks for soft lithography. 
Proceedings of the Institution of Mechanical Engineers, Part N: Journal of 
Nanoengineering and Nanosystems, 218(1), 1-5. 
Lee, J.-W., & Yoo, Y.-T. (2012). A comparative study on dimensional stability of 
PET and BOPP substrates for fabrication of flexible electric/electronic 
devices through roll-to-roll printing. Journal of Industrial and Engineering 
Chemistry, 18(5), 1647-1653. 
Liang, X., Fu, Z., & Chou, S. Y. (2007). Graphene transistors fabricated via transfer-
printing in device active-areas on large wafer. Nano Letters, 7(12), 3840-
3844. 
Lok Boon, K., Wai Lai, L., Lu, C. W. A., & Salam, B. (2011, 7-9 Dec. 2011). 
Processing and characterization of flexographic printed conductive grid. 
Electronics Packaging Technology Conference (EPTC), 2011 IEEE 13th, 
517-520. 
Luo, C., Meng, F., & Francis, A. (2006). Fabrication and application of silicon-
reinforced PDMS masters. Microelectronics Journal, 37(10), 1036-1046. 
PTTA
PERPU
STAKA
ANTU
NKU T
U  AM
INAH
189 
 
Luo, C., Meng, F., Liu, X., & Guo, Y. (2006). Reinforcement of a PDMS master 
using an oxide-coated silicon plate. Microelectronics Journal, 37(1), 5-11. 
Yusof M. S., Maksud M. I., & Embong Z. (2013). An Investigation Into Parameter 
Effect On Microcontact Printing Using Carbon and Biological Ink And XPS 
Study On Surface Morphology. Paper presented at the International 
Conference on Innovative Technologies, IN-TECH 2013, Budapest. 
Mack, C. A. (2006). Field guide to optical lithography (Vol. 6): SPIE Press 
Bellingham, Washington, USA. 
Maksud, M., Yusof, M., & Abdul Jamil, M. M. (2014). A Study on Printed Multiple 
Solid Line by Combining Microcontact and Flexographic Printing Process for 
Microelectronic and Biomedical Applications. International Journal of 
Integrated Engineering, 5(3). 
Maksud, M., Yusof, M., Embong, Z., Nodin, M., & Rejab, N. (2014). An 
Investigation on Printability of Carbon Nanotube (CNTs) Inks by 
Flexographic onto Various Substrates. International Journal of Materials 
Science and Engineering, Vol. 2(No. 1). 
Maksud, M., Yusof, M., & Mahadi Abd Jamil, M. (2013). Optimizing a 
polydimethylsiloxone (PDMS) into flexographic printing process for RFID 
biomedical devices and cell cultures. Biomedical Engineering International 
Conference (BMEiCON), 2013 6th: IEEE, 1-4. 
Maksud, M. I., Nodin, M. N., Yusof, M. S., & Hassan, S. (2016). Utilizing rapid 
prototyping 3D printer for fabricating flexographic PDMS printing plate. 
ARPN Journal of Engineering and Applied Sciences, 11(12), 7728-7734. 
Mazzola, L. (2003). Commercializing nanotechnology. Nature biotechnology, 
21(10), 1137-1143. 
Miller, B. W., Moore, J. W., Barrett, H. H., Fryé, T., Adler, S., Sery, J., & Furenlid, 
L. R. (2011). 3D printing in X-ray and gamma-ray imaging: A novel method 
for fabricating high-density imaging apertures. Nuclear Instruments and 
Methods in Physics Research Section A: Accelerators, Spectrometers, 
Detectors and Associated Equipment, 659(1), 262-268. 
 
 
PTTA
PERPU
STAKA
AN TU
NKU T
UN AM
INAH
190 
 
Mondin, G., Schumm, B., Fritsch, J., Grothe, J., & Kaskel, S. (2013). Fabrication of 
micro- and submicrometer silver patterns by microcontact printing of 
mercaptosilanes and direct electroless metallization. Microelectronic 
Engineering, 104(0), 100-104. 
Morse, J. (2012). Nanofabrication technologies for Roll-to-roll processing. 
Mullen, M. R., Spirig, J. V., Hoy, J., Routbort, J. L., Singh, D., & Dutta, P. K. 
(2014). Development of nanosized lanthanum strontium aluminum manganite 
as electrodes for potentiometric oxygen sensor. Sensors and Actuators B: 
Chemical, 203(0), 670-676. 
Nayan, N. (2010). Optimization of RF magnetron sputtering plasma using Zn target. 
International Conference on Enabling Science and Nanotechnology 
(ESciNano): IEEE, 1-2. 
Njobuenwu, D. O., Oboho, E., & Gumus, R. H. (2007). Determination of contact 
angle from contact area of liquid droplet spreading on solid substrate. 
Leonardo Electronic Journal of Practices and Technologies, 10, 29-38. 
Nodin, M. N., & Yusof, M. S. (2014). A Preliminary Study of PDMS Stamp towards 
Flexography Printing Technique: An Overview. Advanced Materials 
Research, Vol. 844, pp 201-204. 
Ogawa, T., Asai, T., Itoh, O., Hasegawa, M., Ikegami, A., Atoh, K., & Kobayashi, T. 
(1989). New thick-film copper paste for ultra-fine-line circuits. Components, 
Hybrids, and Manufacturing Technology, IEEE Transactions on, 12(3), 397-
401. 
Perl, A., Reinhoudt, D. N., & Huskens, J. (2009). Microcontact printing: limitations 
and achievements. Advanced Materials, 21(22), 2257-2268. 
Pudas, M., Hagberg, J., & Leppävuori, S. (2004). Printing parameters and ink 
components affecting ultra-fine-line gravure-offset printing for electronics 
applications. Journal of the European Ceramic Society, 24(10–11), 2943-
2950. 
Quist, A. P., Pavlovic, E., & Oscarsson, S. (2005). Recent advances in microcontact 
printing. Analytical and bioanalytical chemistry, 381(3), 591-600. 
Rame-Hart. (2015). Contact Angle Goniometers and Tensiometers. from 
http://www.ramehart.com/contactus.htm 
P A
PERPU
STAKA
ANTU
NKU T
UN AM
INAH
191 
 
Rella, S., Giuri, A., Corcione, C. E., Acocella, M. R., Colella, S., Guerra, G., . . . 
Malitesta, C. (2015). X-ray photoelectron spectroscopy of reduced graphene 
oxide prepared by a novel green method. Vacuum, 119, 159-162. 
Rentzhog, M., & Fogden, A. (2006). Print quality and resistance for water-based 
flexography on polymer-coated boards: Dependence on ink formulation and 
substrate pretreatment. Progress in Organic Coatings, 57(3), 183-194. 
Resnick, D., Dauksher, W., Mancini, D., Nordquist, K., Bailey, T., Johnson, S., . . . 
Sreenivasan, S. (2003). Imprint lithography for integrated circuit fabrication. 
Journal of Vacuum Science & Technology B, 21(6), 2624-2631. 
Rong, X., & Keif, M. (2007). A study of PLA printability with flexography. 59th 
Annual Technical Association of Graphic Arts Technical Conference 
Proceedings: Pittsburgh, PA. 
Ru, C., Luo, J., Xie, S., & Sun, Y. (2014). A review of non-contact micro- and nano-
printing technologies. Journal of Micromechanics and Microengineering. 
Sayers, R., Rieu, M., Lenormand, P., Ansart, F., Kilner, J. A., & Skinner, S. J. 
(2011). Development of lanthanum nickelate as a cathode for use in 
intermediate temperature solid oxide fuel cells. Solid State Ionics, 192(1), 
531-534. 
Siden, J., & Nilsson, H.-E. (2007). Line width limitations of flexographic-screen-and 
inkjet printed RFID antennas. Antennas and Propagation Society 
International Symposium, 2007 IEEE: IEEE, 1745-1748. 
Soldano, C., Mahmood, A., & Dujardin, E. (2010). Production, properties and 
potential of graphene. Carbon, 48(8), 2127-2150. 
Søndergaard, R., Hösel, M., Angmo, D., Larsen-Olsen, T. T., & Krebs, F. C. (2012). 
Roll-to-roll fabrication of polymer solar cells. Materials Today, 15(1–2), 36-
49. 
Sorvari, J., & Parola, M. (2014). Feeding in rolling contact of layered printing 
cylinders. International Journal of Mechanical Sciences, 88(0), 82-92. 
Sunding, M. F., Hadidi, K., Diplas, S., Løvvik, O. M., Norby, T. E., & Gunnæs, A. 
E. (2011). XPS characterisation of in situ treated lanthanum oxide and 
hydroxide using tailored charge referencing and peak fitting procedures. 
Journal of Electron Spectroscopy and Related Phenomena, 184(7), 399-409. 
PTTA
PERPU
STAKA
AN TU
NKU T
UN AM
INAH
192 
 
Sung, J., Kang, B. J., & Oh, J. H. (2013). Fabrication of high-resolution conductive 
lines by combining inkjet printing with soft lithography. Microelectronic 
Engineering, 110(0), 219-223. 
Thibert, S., Chaussy, D., Beneventi, D., Reverdy-Bruas, N., Jourdan, J., Bechevet, 
B., & Mialon, S. (2012, 3-8 June 2012). Silver ink experiments for silicon 
solar cell metallization by flexographic process. Photovoltaic Specialists 
Conference (PVSC), 2012 38th IEEE, 002266-002270. 
Twyman, M. (1998). The British Library guide to printing: history and techniques: 
University of Toronto Press. 
Vainstein, J. (2005). A study of the conditions and variables that affect the printing of 
shrink films on waterbased flexography. (Master of Science), Rochester 
Institute of Technology. 
Vena, A., Perret, E., Tedjini, S., Tourtollet, G. E. P., Delattre, A., Garet, F., & 
Boutant, Y. (2013). Design of chipless RFID tags printed on paper by 
flexography. Antennas and Propagation, IEEE Transactions on, 61(12), 
5868-5877. 
Venkata Krishnan, R., Mittal, V. K., Babu, R., Senapati, A., Bera, S., & Nagarajan, 
K. (2011). Heat capacity measurements and XPS studies on uranium–
lanthanum mixed oxides. Journal of Alloys and Compounds, 509(7), 3229-
3237. 
Viheriälä, J., Kontio, J., Pessa, M., & Niemi, T. (2010). Nanoimprint lithography-
next generation nanopatterning methods for nanophotonics fabrication. In K. 
Y. Kim (Ed.), Recent Optical and Photonic Technologies (pp. 275-298). 
Crotia: INTECH Open Access Publisher. 
Wei, S., Fang, X., Yang, J., Cao, X., Pintus, V., Schreiner, M., & Song, G. (2012). 
Identification of the materials used in an Eastern Jin Chinese ink stick. 
Journal of Cultural Heritage, 13(4), 448-452. 
Willmann, J., Stocker, D., & Dörsam, E. (2014). Characteristics and evaluation 
criteria of substrate-based manufacturing. Is roll-to-roll the best solution for 
printed electronics? Organic Electronics, 15(7), 1631-1640. 
Wolfer, T., Bollgruen, P., Mager, D., Overmeyer, L., & Korvink, J. G. (2014). 
Flexographic and Inkjet Printing of Polymer Optical Waveguides for Fully 
Integrated Sensor Systems. Procedia Technology, 15(0), 522-530. 
PTTA
PERPU
STAKA
ANTU
NKUT
UN AM
INAH
193 
 
Wu, C., Li, F., Zhang, Y., & Guo, T. (2013). Field emission from vertical graphene 
sheets formed by screen-printing technique. Vacuum, 94(0), 48-52. 
Yu, H., Xiong, S., Tay, C. Y., Leong, W. S., & Tan, L. P. (2012). A novel and simple 
microcontact printing technique for tacky, soft substrates and/or complex 
surfaces in soft tissue engineering. Acta Biomaterialia, 8(3), 1267-1272. 
Yusof, M., & Gethin, D. (2011). Investigation of carbon black ink on fine solid line 
printing in flexography. Proceedings of 10th WSEAS international 
conference. ISBN, 978-960. 
Yusof, M., Said, Z., & Maksud, M. (2013). Exploration of fine lines profile effects in 
flexographic printing. Applied Mechanics and Materials, 315, 458-462. 
Yusof, M., Zaidib, A. A., Claypole, T., & Gethin, D. (2007). The effects of printing 
plate on the reproduction of fine solid line printing in flexography. Printing 
Future Days-2nd International Student Conference on Print and Media 
Technology, 214-218. 
Yusof, M. S. (2011). Printing Fine Solid Lines in Flexographic Printing Process. 
(Degree of Doctor of Philosophy), Swansea University, Swansea. 
Zhang, C. S., Yan, M. F., & Sun, Z. (2013). Experimental and theoretical study on 
interaction between lanthanum and nitrogen during plasma rare earth 
nitriding. Applied Surface Science, 287(0), 381-388. 
Zhang, J., Brazis, P., Chowdhuri, A. R., Szczech, J., & Gamota, D. (2002). 
Investigation of using contact and non-contact printing technologies for 
organic transistor fabrication. MRS Proceedings: Cambridge Univ Press, P6. 
3. 
Zhang, J., Ye, Y., Xie, Y., Liu, L., Chang, Y., Luo, Y., & Qui, L. (2013). High 
density print circuit board line width measurement algorithm based on 
statistical process control theory. Optik - International Journal for Light and 
Electron Optics, 124(20), 4472-4476. 
Zhang, W., Xue, C.-Y., & Yang, K.-L. (2011). A method of printing uniform protein 
lines by using flat PDMS stamps. Journal of Colloid and Interface Science, 
353(1), 143-148. 
Żołek-Tryznowska, Z., Izdebska, J., & Tryznowski, M. (2015). Branched 
polyglycerols as performance additives for water-based flexographic printing 
inks. Progress in Organic Coatings, 78(0), 334-339. 
PTTA
PERPU
STAKA
ANTU
NKU T
UN AM
INAH
194 
 
Zolek-Tryznowska, Z., Tryznowski, M., & Krolikowska, J. (2015). Hyperbranched 
polyglycerol as an additive for water-base printing ink. Journal of Coatings 
Technology and Research, 12(2), 385-392. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PTTA
PERPU
STAKA
AN TU
NKU T
UN AM
INAH
